The antioxidant and antimicrobial activity of methanol or dichloromethane extracts of O. dictamnus, produced from wild and organic cultivated specimens, were determined. The Rancimat and malondialdehyde (MDA) by HPLC methods were used to measure the antioxidant action, in comparison with that of the common commercial antioxidants butylated hydroxytoluene (BHT) and α-tocopherol. The extracts that presented high antioxidant activity were encapsulated in liposomes and their antioxidant action was again estimated using differential scanning calorimetry (DSC). Thermaloxidative decomposition of the samples (pure liposomes and encapsulated extracts) and the modification of the main transition temperature for the lipid mixture and the splitting of the calorimetric peak in the presence of the antioxidants were also studied by the DSC method. All extracts showed antioxidant and antimicrobial activities. Their action proved superior to α-tocopherol. The methanol extract of organic cultivated O. dictamnus (240 ppm) showed higher activity than butylated hydroxytoluene. After encapsulation in liposomes the antioxidant as well as antimicrobial activities proved to be higher than those of the same extracts in pure form. 
Introduction
Food preservation methods typically involve the use of heat, refrigeration, freezing, concentration, dehydration, irradiation, pH control, chemical preservatives, and packaging applied to produce various degrees of preservation in accordance with the differing use patterns and shelf-life needs of unique products. Chemical preservatives and similar substances include antimicrobials, enzyme inhibitors and antioxidants. Since, consumers' preferences favor natural substances instead of synthetic ones there is an increased interest in research for new "natural" products of plant origin. Unfortunately, most phytochemicals are biologically unstable, poorly soluble in water and distribute poorly to target sites. The ability of liposomes to help overcome the problem of reduced solubility in lipids of many plant extracts is very important. Additionally, extracts encapsulated in liposomes possess new physicochemical characteristics and bioactivity which can enhance the extract's original activity and become effective carriers for nutritionally valuable ingredients [13] . However, the use of already discovered and tested natural compounds should not be neglected due to recent research [14] in the field of encapsulation (i.e. in liposomes).
The majority of microencapulation techniques currently used in the food industry are based on biopolymer matrices composed of sugars, starches, gums, proteins, synthetics, dextrins and alginates nevertheless, liposomes have recently begun to gain in importance. In recent studies [13, 14] , nanoencapsulation generally improved the antimicrobial activity of compounds and maintained the stability of antimicrobials over prolonged periods of time, thereby improving the safety of fresh and processed food products. Development of release-on-demand, targeted nanoencapsulation systems has implications beyond the delivery of bioactive compounds and may lead to the development of new invivo intracellular and cell membrane biosensors with the ability to monitor growth and/or kill of pathogens and spoilage organisms in real time [4] . Based on results of studies of liposomes for pharmaceutical and medical uses, food scientists have begun to utilize liposomes for controlled delivery of functional components such as proteins and enzymes, vitamins and flavors in various food applications [31] .
Origanum dictamnus L., also known as Dittany (not to be confused with White Dittany, Dictamnus albus), is a rare endemic plant that grows wild on the rocky mountains of the island of Crete (South Greece). It is widely known from the time of Aristotle for its healing properties on wounds and for treatment of difficult labor in women [33] .
Flavonoids and coumarins, two of the major categories of phenolic compounds in plants, have been previously discovered in the polar extracts of the plant [27, 28] . Previous studies concerning the antioxidant properties of Dittany extracts have shown that the ethanol extract is equally active to α-tocopherol [7, 19] . Couladis et al. [7] and Moller et al. [19] (during the evaluation of antioxidant activity of O. dictamnus extracts, produced with solvents of various polarities, using electron spin resonance spectrometry and oxygen depletion in methyl linoleate emulsion to determine their efficiencies as scavengers of free radicals and as chain-breaking antioxidants, respectively) proved that the aqueous extract of O. dictamnus was the most efficient scavenger of the hydroxyl radicals generated by the Fenton reaction, and also most efficient reducer of oxygen consumption, when initiated with methmyoglobin. The ethanol and acetone extracts showed less activity in both assays, while the methanol extract showed intermediate activity [7, 19] . The high antioxidant efficiency of both water and methanol extracts is closely related to the high content of phenolic compounds in these extracts [5, 19] and since O. dictamnus is a traditionally consumed plant, the extract can be easily used as a natural preservative of food products in order to prevent oxidation and microbial spoilage [8] .
The non polar extract of O. dictamnus has also proved to be a potential antioxidant. Specifically, in the non-saponified fraction of the hexane extract have been identified all four analogues of tocopherol (α-, β-, γ-, and δ-tocopherol), with γ-tocopherols being in the higher concentration [15] .
In this work, we evaluated the antioxidant and antimicrobial activity of extracts of Origanum dictamnus (wild or cultivated, both indigenous in Greece) and compared them with known synthetic (BHT) or natural (α-tocopherol) antioxidants and antimicrobial agents (netilmicin and intraconazole). The extracts were also encapsulated in liposomes and their modified activities were determined. Liposomes were used because, due to their unique properties, are able to enhance the performance of products by increasing ingredient solubility (easier incorporation of water soluble compounds into oil based products), improving bioavailability and in vitro stability [13, 14] .
Results and Discussion
The antioxidant action of Origanum dictamnus pure extracts was initially determined using the Rancimat stability test, oxidative stability by DSC and MDA by HPLC. Results are presented in Figures 1 and 2 . All the extracts showed antioxidant activity. The cultivated organic Dittany extract showed stronger antioxidant activity than the wild type and the methanol extracts were stronger (significant at P<0.05) than the dichloromethane ones. The antioxidant activities were compared with those of the common commercial antioxidants BHT and α-tocopherol. Specifically, the methanol extract of organic cultivated O. dictamnus at a concentration of 240 ppm showed significantly higher activity (P<0.05) than that of BHT, while those of cultivated Dittany (120 ppm) and wild specimen (240 ppm) showed no significant difference (P<0.05) compared to BHT. All the other extracts showed lower antioxidant activity than BHT, but superior activity (significant at P<0.05) than α-tocopherol. The antioxidant protective ability of the polar methanol extracts can be attributed to their high phenolic content, consisting mainly from flavonoids and coumarins [5, 19, 27, 28] , while the antioxidant properties of the non polar hexane extract are attributable to the contained tocopherols [15] . 
ppm
Wild plants and cultivated species exhibit great variation in secondary metabolites contents, as well as their biological activities, due to the growth environment (i.e. soil type, nutrients, topographic, salinity, drought, allelochemicals) and genetic differences among species [6] . As indicated by Azaizeh et al. [2] , fertilization regimes may alter antioxidant activity of cultivated medicinal plants when compared with that of wild ones, and the same authors proved that increasing the amount of fertilizer increased the antioxidant activity of the powders prepared from cultivated Teucrium polium. Auto-oxidation of fats, fatty acids and lipids is a well established exothermic process and thermal analysis methods are valuable for studying thermostability and themoxidation [18] . DSC is a good technique for determining the kinetic parameters of the non-inhibited and inhibited fatty acid oxidation. The extrapolated temperature of the start of the oxidation process is useful to evaluate antioxidant activity [18] . In Figures 3 and 4 the DSC curves of O. dictamnus methanol extracts and liposome dispersions in the absence and in the presence of extract are given. Thermal-oxidative decomposition of pure extracts and liposome preparations was studied. In comparison to the Rancimat method, DSC is concluded to be useful as a method employing milder conditions and shorter time and which can be applied for the evaluation of oxidative stability of samples containing volatile antioxidants and other lipid systems containing water [13, 36] . An exothermic peak is observed in the 180 to 380 °C range (for cultivated specimen) or 400 °C (for wild specimen), related to the process of auto-oxidation of the samples. Using the curves, the onset temperature at which the auto-oxidation process begins is determined [18] . As seen in Figures 3 and 4 , the addition of extract encapsulated in liposomes produced a more intense antioxidant action (significant at P<0.05) than in pure form. At the same heating rate, the temperature of the start of the oxidation reaction is significantly (P<0.05) higher. The modified antioxidant action of extract resulting from its encapsulation was expected, since the complex (liposome membrane-fraction) possesses new physicochemical characteristics and bioactivity dependant on structure, size and z-potential of the preparation [13, 30] . Liposomes containing extracts were more stable than those that were extract-free. This may imply that lipophilic substances in the extracts used and phospholipids are packed regularly and tightly, conferring membrane rigidity and decreasing membrane permeability. The Rancimat and DSC assays are based on generation of volatiles and thermal release, respectively, indicating the onset of advanced oxidation (termination). The IP values obtained by DSC were significantly lower than those obtained by the Rancimat method. These results are in agreement with those reported by other researchers, who have suggested that these differences may have been due to a higher surface-to-volume ratio used in DSC. For the oxidation curves obtained by the Rancimat method and by DSC analysis it is generally accepted that, at the accelerated stage, the oxidation rate depends only on oxygen availability and temperature [36] . In spite of the different criteria considered to evaluate oxidative stability and the different experimental conditions applied (temperature and/or oxygen availability) the results obtained show that all three studied methods can predict the same relative oxidative stabilities. Liposome size and surface charge were studied for extract-incorporating liposomes and empty liposomes for comparison. The characteristics of vesicles with different lipid compositions were compared ( Table 1 ). The mean diameter of the vesicles ranged from 235 nm to 265 nm and the surface charge of all the vesicles was negative, ranging from -9.0 to -11.4 mV. The incorporation of extract caused a significant change in the liposome surface structure and affected liposome size and zpotential. Indeed, the extract-incorporating liposomes were slightly larger (263-287 nm), a phenomenon also observed by other authors [13, 14, 17] which increases with the amount of substances incorporated in the lipid membrane, and they had a similar surface charge (-10.1 to -10.9 mV). The extract composition seems to play a significant role in the way it can be packed in the lipid bilayer.
The methanolic extracts of O. dictamnus were also studied for their antimicrobial activity, both before and after encapsulation in liposomes (Table 2) . Generally, all the plants of Lamiaceae family, which is well known for its phenolic compounds, have proven active against a variety of microorganisms [11, 22, 23, 26] , but previous studies concerning the antimicrobial activity of O. dictamnus extract are however limited. A 70 % water/methanol extract was active against Helicobacter pylori in an in vitro test [29] . In the present study, the methanol extract of O. dictamnus, for both wild and organic cultivated specimens, appeared active against all studied microorganisms (9-13 mm inhibition zones). In general, the gram negative bacterial spp. were the most resistant ones, as was Candida albicans among the tested fungi. The antimicrobial activity increased noticeably after the encapsulation of the methanol extract in liposomes. After the encapsulation, the exhibited antimicrobial activities appeared much stronger (significant at P<0.05), mostly against the gram positive bacteria as well as against the food borne pathogen Listeria monocytogenes (12-13 mm inhibition zones). The empty liposomes, used as control, presented no activity towards the tested microorganisms. The antimicrobial properties of plant extracts have been of great interest in both academia and the food industry, due to their potential use as natural additives arising from a growing tendency to replace synthetic antimicrobial substances with natural ones [32] . Thanks to their strong antimicrobial activity, the extracts from the herbal parts of O. dictamnus used in our study could be considered a natural source that can be freely used in the food industry as a culinary herb. In particular, the dramatically increased antimicrobial activity after the encapsulation in liposomes could promote the use of the above mentioned extracts as potent preservatives and conservation agents, not only in food industry but also in cosmetics and medical preparations [13] . Applications of this technique have increased in the food industry since the encapsulated materials can be protect from moisture, heat or other extreme conditions, thus enhancing their stability and maintaining viability [12] . The liposomal forms promoted effective interaction between bacteria and bioactive compound. Sachetelli et al. [24] proved that antibiotics in liposomes were able to overcome bacterial resistance related to the permeability barrier and enzymatic hydrolysis by a fusion process between liposomes and bacterial membranes.
There are several steps for improving the bioavailability of dietary supplements including: enhancement of biological stability including solubility, improvement the cellular transport and release of the active component inside the cell [25] . Various methods exist to release the ingredients from capsules. Release can be site-specific, state-specific or signaled by changes in pH, temperature, irradiation or osmotic shock. 
Conclusions
The present study has demonstrated the potential antioxidant and antimicrobial-food preservative ability of O. dictamnus. Use of this aromatic plant, commonly used as a spice in foods or as hot drink after boiling in water, is deemed feasible as it is considered safe. O. dictamnus are self-growing hardy plants, extremely tolerant to drought, which can easily grow on rocky, arid soils. The encapsulation in liposomes modified the activities of the extracts. Both, antimicrobial and antioxidant activity was improved and their commercial application in food preservation could therefore be considered. The goal should be to demonstrate the true potential for liposomes entrapped antimicrobial to improve the quality and safety of a wide variety of food products. However, further investigation should be carried out on the modified solubility of extract, as well as the rate of release of its antioxidant-antimicrobial components from liposomes especially in real foods.
Experimental

General
Aerial parts of the wild O. dictamnus specimen were collected from the island of Crete (Heracleum-Greece) by E. Kastrinakis on the summer of 2002, while the biologically cultivated specimen was a kind gift of G.S. Stivaktakis ("Knossos Aromatic Plants" company, also from the Heracleum region). The dried aerial parts were powdered and extracted with dichloromethane (CH 2 Cl 2 ) or methanol (MeOH) at room temperature using the method described by Lalas and Tsaknis [34] , and the extracts were concentrated under vacuum (rotary evaporator). The evaluation of the antioxidant activity was carried out using the Rancimat method, the determination of malondialdehyde by HPLC (after oxidation with the accelerated UV method) and differential scanning calorimetry (DSC).
Evaluation of the antioxidant activity by the Rancimat method
The method used was adapted from Gortzi et al. [14] . The antioxidant (pure extract in concentrations 120 and 240 ppm, BHT and α-tocopherol both at 150 ppm -Sigma Chemicals Company Ltd., St. Louis, USA) was accurately weighed into stripped sunflower oil (Elais S.A., Athens, Greece) prepared using the method described by Fuster et al. [10] and its action was determined using a Rancimat 679 (Metrohm LTD, Herisau, CH 9101, Switzerland), along with another sample of sunflower oil without antioxidant (control). One mL of the appropriate solvent (MeOH or CH 2 Cl 2 ) was added in order to dissolve the antioxidant. The conditions were set at 90 °C and 15 L/h. The protection factor (P.F.) was calculated as P.F. = (induction period with antioxidant)/(induction period without antioxidant). A protection factor greater than 1 indicates inhibition of the lipid oxidation. The higher the value, the better the antioxidant activity [16] .
Determination of malondialdehyde (MDA) by HPLC
The determination of MDA was carried out after accelerated oxidation of sunflower oil under UV light according to the method reported by Tsaknis et al. [35] . Stripped sunflower oil (10 g, prepared using the method described by Fuster et al. [10] ) and added antioxidant (pure extract, BHT, α-tocopherol in concentrations of 100 and 150 ppm) were accurately weighed into a glass Petri dish (87 mm internal diameter and 15 mm in height) and mixed well. The dishes were placed (half immersed) in a water bath (50 °C) directly exposed to UV light produced by a lamp situated 50 cm above (General Electric 260 nm UV Germicidal lamp G25T8, 25 Watt, 45 cm in length and 3 cm in diameter) for 12 hours. Then, the oils were stored in dark glass bottles with nitrogen and stored at -16 °C until analysis (MDA by HPLC) the same day. The method used for the determination of MDA was adapted from Tsaknis et al. [35] . HPLC was performed using a Waters System consisted of a Waters 600E HPLC pump and Waters 486 Tunable Absorbance Detector (Millipore Corporation, Waters Chromatography Division, Massachusetts, MA 01757, USA). The mobile phase was 1 % acetic acidacetonitrile (85:15, v/v) and the flow rate was set at 2.5 mL/min. The retention time of MDA was 1.44 min.
Preparation of liposomes
The liposomes were prepared using a modification of the method described by Gortzi et al. [13] , using common lipid composition [1] , since as indicated by El Jastimi et al. [9] , phosphatidylcholine/cholesterol liposomes show little leakage of contents. Liposomes containing egg L-α-phosphatidylcholine (PC) (10 mg/mL) and cholesterol (C) (2 mg/mL) were prepared by the mechanical shaking technique (thin film method). PC and C were obtained from Sigma Chemicals Company Ltd. (St. Louis, USA). The 99 % purity of the lipids was verified via thin-layer chromatography on silicic acid-coated plates (Merck, Darmstadt, Germany) as described previously [20] . The mixture of lipids was dissolved in chloroform-methanol (3:1, 4 mL) in a 50 mL roundbottom flask and the organic solvent was removed by rotary evaporator until a thin film was formed on the walls. When O. dictamnus extracts were used (in an amount of 1.6 mg/mL) as antioxidant or antimicrobial agent, it was dissolved in methanol and then mixed in a round bottom flask with PC and C. The organic solvents were evaporated under a stream of nitrogen at 35 °C (above the lipid transition temperature). The lipid film was suspended in Phosphate Buffer Saline solution (PBS, pH=7.4, 2 mL, Sigma Chemicals Company Ltd., St. Louis, USA) and vigorously vortexed for 15 min. Sonication of the preparation (in order to reduce the size and homogenize liposomes) was carried out in a Branson 125W bath-type sonicator (Branson Ultrasonics, Danbury, CT, USA). This suspension was allowed to hydrate for 2 h in the dark at room temperature (in order to anneal any structural defects) [1] and then centrifuged at 6,500 rpm at 4°C (using a Sorvall General-Purpose RC-3 Automatic Refrigerated Centrifuge, Ivan Sorvall INC., Newtown Connecticut, USA) in order to dispose no incorporated molecules of extracts or lipids from the liposome suspension. The supernatant of the centrifuged suspension was used to prepare multilamellar vesicles (MLV). When it was not possible to use the prepared liposomes the same day, they were freeze dried with a Virtis model, Sentry 5L (Virtis Company INC., Gardiner, New York, USA) in order to prevent storage problems [21] .
Liposome size determination
The method used was adapted from Gortzi et al. [13] . A total of 50 mL of the liposome dispersion were diluted with 20 mL of filtered PBS (through 0.22 mm pore size, polycarbonate filters, Millipore, UK) and the size was immediately determined by photon correlation spectroscopy using a Malvern 4700C (Malvern Instruments Ltd., Malvern, Worcestershire, UK), which enabled the mass distribution of particle size to be obtained, according to manufacturer. Measurements were made at 25 °C with a fixed angle of 90 o and sizes quoted are the z-average mean (dz) for the liposomal hydrodynamic diameter. The size of liposomes was also confirmed by image analysis of electron micrographs using a Leica Q500MC image analysis system (Leica Cambridge Ltd, Cambridge, UK).
Liposomal surface charge
The method used was adapted from Gortzi et al. [13] . Liposome dispersions were diluted with PBS (pH 7.4) and their electrophoretic mobility was measured at 25°C by photon correlation spectroscopy (Zetasizer 5000, Malvern Instruments Ltd., UK). Zeta potentials of the dispersions were calculated by the instrument according to the Smolowkovski equation.
Differential Scanning Calorimetry (DSC)
The extracts were encapsulated in liposomes and their antioxidant action was again estimated using DSC. A Perkin Elmer DSC-6 calorimeter (Perkin Elmer Corp., Norwalk, CT, USA) was employed to study the oxidation stability of the samples according to the method described by Gortzi et al. [13] . Samples (4 mg) were placed in DSC aluminum crucibles closed with lids perforated by a hole (internal diameter: 1 mm) in the centre in order to allow the sample to be in contact with the oxygen stream. The purge gas foaming the reaction atmosphere was oxygen. An empty crucible, hermetically sealed, was used as reference. The starting temperature of oxidation was determined as the onset temperature of the oxidation peak. The temperature program was: heat from 30 °C to 180 °C (100 °C/min), hold for 1 min at 180 °C and finally heat from 180 °C to 370 °C (10 °C/min).
Antimicrobial bioassay
The antibacterial activity of the methanol extract was determined, using the diffusion technique of Bauer-Kirby (disc method) [3] according to Gortzi et al. [13] , by measuring the zone of inhibition against four Gram positive bacteria: Staphylococcus aureus (ATCC 25923), Staphylococcus epidermidis (ATCC 12228), Staphylococcus mutans (ATCC 31989) and Staphylococcus viridans (ATCC 19952), and four Gram negative: Pseudomonas aeruginosa (ATCC 27853), Escherichia coli (ATCC 25922), Enterobacter cloacae (ATCC 13047) and Klebsiella pneumoniae (ATCC 13883), as well as against three human pathogenic fungi Candida albicans (ATCC 10231), Candida tropicalis (ATCC 13801) and Candida glabrata (ATCC 28838) and finally, against the food-pathogen bacteria of Listeria monocytogenes. Standard antibiotics netilmicin and intraconazole (both from Sanofi, Diagnostics Pasteur, Paris, France) were used in order to control the sensitivity of the tested bacteria and fungi, respectively. The tested compounds were dissolved in methanol. For each experiment a control disc with pure solvent and a disc with empty liposomes (phosphatidylcholine:cholesterol 10:2 mg/mL) was used as blind control. All the paper discs had a diameter of 6 mm and were deposited on the surface of the seeded trypticase soy agar (Scharlau Chemi S.A., Barcelona, Spain) Petri dishes. Six µl of a solution of 1mg/mL of the extracts have been put on the discs. The plates were inoculated with the tested organisms to give a final cell concentration of 10 7 CFU/mL and incubated for 48 h at 37 °C.
The fungi were grown on Sabouraud's agar (Pronadisa, Conda Lab., Madrid, Spain) at 25 °C for 48 h. The results were expressed as mm of zone of inhibition.
